This study aimed to determine the contribution of shortening the calving interval to the growth of the beef cattle population in Indonesia. It used panel data from the 2013-2016 time series and crosssectional data from 24 districts in South Sulawesi. The variables observed were population growth (PG), productive cows (PC) which have the potential to give birth and calving interval (CI). The data were analyzed by regression of panel data using software-reviews 8. The results showed an average length of CI of 28.18 months. PC gave a positive contribution of 0.003% to PG but was not significant (p > 0.05), while CI contributed negatively to PG by -0.028% and was significantly (p < 0.05) for PG. A 1% increase in CI could decrease PG by 0.028%. On the contrary, any decreased or shortening by 1% of CI could raise PG by 0.028%. Without shortening CI, PG decrease. The shortening of the calving interval on the growth of the beef cattle population in Indonesia can be done by up to 45%, from 28.18 ±4.12 to 15.15 ±4.12 months and PG increased about 1.311% from 5.633% to 6.944%. The key to shortening CI is a change of maintenance system, from extensive to semi-intensive, and control of the mating process. Breeders should limit the length of the weaning period and maximize conceptions during the mating period.
INTRODUCTION
The effort to increase the growth of the beef cattle population in Indonesia is becoming a very important issue. In the last three years (2013-2016) Indonesia's beef cattle population grew by only 838,193, having an average growth of 6.17% per year from 12,739,789 to 16,092,561 (BPSb, 2016) . The total population of ready stock, there are about 2.3 million beef cattle, or 14.30% (BPS, 2016a) . The Indonesian cow is relatively small as its meat weighs about 150 kg per cow. From 2.3 million beef cattle, the fresh meat produced is about 345 thousand tons, while the average domestic demand is 465 thousand tons per year. Thus, the Indonesian stock of beef cattle is still short by about 125 thousands ton, which is equivalent to 802 thousands beef cattle. In other words, the total requirement for readily cut beef cattle (ready stock beef cattle) has now increased to 3.102 million per year.
In 2020, the population in Indonesia is projected to be 280 million people and the consumption of beef will be rising, on average by 3 kg per capita per year (BPS (2016c) . When the need for meat reaches 840 thousand ton per year, equivalent to 5.6 million subtracted from the 2.3 million ready-stock beef cattle, then Indonesia still has to find an additional 3.3 million more. Therefore, efforts related to the increase of the domestic cattle population are urgently required.
Two main programs have been intensively promoted by the Indonesian Agriculture Ministry concerning the efforts to increase the population growth, they are called the Productive Cow (PC) protection program and the Artificial Insemination (AI) program. PC protection is supported by Law No. 41 of 2014, particularly in article 18 paragraph (4) which states; "Whoever slaughters a PC, is sentenced to imprisonment of at least 1 (one) year and a maximum of 3 (three) years and a fine of at least IDR 100,000,000 (one hundred million rupiah) and at most IDR 300,000,000 (three hundred million rupiah)" (UURI, 2014) . PC here refers to an adult female cow 2 to 7 years old. PC older than that age range is categorized as non-productive and they can be sold for meat consumption. The goal is to keep PCs maintained for calves. Nevertheless, PC slaughter is still conducted at slaughter houses in Indonesia (Rasminati et al., 2010; Soejosopoetro, 2011; Suardana et al., 2013; Wiguna et al., 2015) .
The AI program that has been running since 1980 and has only been realized for 30-35% of the potential acceptors. Potential acceptors refer to the PCs that are ready for AI. Hence, the issue around the growth of the beef cattle population in Indonesia remains (Ifar and Bambang, 2010; Priyanto, 2011) . The common indicators used to measure AI success relate more to the productivity of the parent cattle individually, not to the broader interests such as population growth. In addition, AI programs can only be performed on intensively maintained PCs. Difficulties appear in operating a 'semi-full extensive' maintenance system, which is still common in many parts of Indonesia such as in South Sulawesi. Nonetheless, it is appreciated that PC protection programs and AI programs have promoted population growth, but they have not yet analyzed the CI. CI is the interval of days or months needed for a cow to give birth in each breeding.
CI-related studies have, at least, been done on beef cattle and dairy cattle in different countries (Sada, 1968; Flores, 1971; Bourdon and Brinks, 1983; Larsson and Berglund, 2008; Grossi et al., 2016) . CI is assumed to be one of the growth factors in meat and milk production. A large number of PCs do not necessarily contribute to PG without CI roles. They define CI as the time period used, in lunar units, from the first birth to the next birth.
The number of PC in Indonesia in the last four years (2013-2016) is about 6.7 million (LAHeS, 2015) . If the CI period is 12 months, then every year the population will increase by as much as the number of PC, i.e. 6.7 million. If the CI takes 24 months (2 years), then the population grows as little as quarterly from 6.7 million, or 3.35 million, respectively, not 838,193 beef cattle per year as reported (BPS, 2016b) . This phenomenon showed that the period of the CI of each PC in Indonesia is relatively long, above 2 years, contributing less sufficiently to PG. Vietnam has been successfully shortened CI from 18.06 to 12.80 months by integrating the preservation system which supplies forages for cows (Huyen et al., 2011) . Meanwhile Thailand has another method to shorten CI from 17.19 to 12.17 months by re-breeding PC in the day of 80-86 after giving birth. The re-breeding is AI (Bunmee et al., 2018) . These countries have similar agroecosystem and non-intensive preservation with Indonesia but have different methods to shorten CI. In this regard, the study aims to analyze 'the contribution of shortening the CI to the growth of the beef cattle population in Indonesia'.
MATERIALS AND METHODS
The study was conducted in South Sulawesi Province in October-December 2016. South Sulawesi has a population of about 2 million cattle and was the third-largest cattle population center in Indonesia after East and Central Java (BPS, 2016b) .
Data and Variables
This study used panel data, the combination of time series data and cross-sectional data (Ekananda, 2014) . The data time series were used as the data for the last 4 years (2013) (2014) (2015) (2016) . The cross-sectional data were collected from 24 districts throughout South Sulawesi, so the data observed was about 96 units. There was an excess of panel data because it involves a greater number of observations. Thus, it increases the degrees of freedom (Gujarati, 2012; Widarjono, 2016) . The variables observed in this study were PG in percentage (%), the number of PC in unit, and the CI in unit of months. PG and PC data were obtained from the Livestock and Animal Health Service Office of South Sulawesi Province, while CI data was obtained from the Livestock/ Agriculture Service in the 24 districts.
Analysis Model
The data were analyzed by panel data regression using software-reviews 8 based on Sarwono and Hendra's instruction (2014) . Panel data has more models than multiple linear regression such as Common Effect (CE), Fixed Effect (FE), and Random Effect (RE). Panel Data does not need to fulfill the classic assumption like Ordinary Least Squared (OLS) in linear regression and able to show the effect of Population Growth (PG). Panel data regression has the same objective as multiple linear regression, i.e. predicting the value of intercept/ constant (β 0 ) and slope (β 1 ). The equation model used for the estimation of (β 0 ) and (β 1 ) is as follows. (1) can be transformed into a natural logarithm (ln) to modify the units of variables into percentages (%) (Ekananda, 2014) . The ln transform is also used to make the estimation model linear, altering the data to be closer to the normal distribution and free of the problem of heteroscedasticity (Widarjono, 2016) . The model of the natural logarithmic equation (ln) is as follows:
(2)
Estimation of the values of (β 0 ) and (β 1 ) can be calculated through three approaches, namely the CE, FE, and RE models. The CE model, Equation (2), assumes that the data between individuals is equal throughout the observation time, or it ignores the existence of an individual or time-dimensional differences. Meanwhile, the FE model assumes the intercept value of each different district region (β 0i ), while the slope (β 1 ) between regions remains the same. The intercept difference between these regions is denoted by (β 0i ), not (β 0 ), as in Equation (3).
As for the RE model, it assumes that each region has different intercept (β 0 ) as a random or stochastic variable. The value of β 0i in this model is no longer fixed (non-stochastic) but is random in nature to be expressed in Equation (4). This RE model also takes into account errors that may be correlated with the cross-section and time series, as shown in (5).
where i = 1, …, n; and μ i is a random -variable disorder that explains the differences in individual data behavior of districts. The substitution of Equation (3) into (4) yields the following equation:
Model Accuracy Test and Classic Assumption
To identify the best of these three models (CE, FE, RE), they were tested educing the Chow and Hausman tests and the Lagrange Multiplier (LM) (Ekananda, 2014; Widarjono, 2016 (Gujarati, 2012; Ekananda, 2014; Widarjono, 2016) 
RESULTS

Estimation Model
Based on the results of the analysis, the estimation models of the three models of the CE, FE and RE approaches are presented in Tab. I.
Tab. I presents that the intercept (C) models of CE and FE were respectively -2.7839 and - The adjusted R-square shows the ability to explain the effect of the PC and CI variables (which have been corrected by error standard) on the PG. The value of the adjusted R-square obtained was 0.6224 > 0.5 which means it was strong (Sudjana, 2005) . The F-statistic describes the simultaneous effect of the independent variables (PC and CI) on PG. The F value obtained was 212.2919 and significant (p < 0.05), indicating that this model can be used to predict the dependent variable (PG).
Model Accuracy and the Contribution of PC and CI
To obtain an appropriate estimation model, the CE, FE, or RE models need to be tested using the Chowtest, Hausman test, and ML test (Tab. II).
From the Chowtest, the cross-section value obtained was F 49.005 < 0.05, which means that the FE model was more precise than the CE model. The Hausman test obtained a random cross-section value of 1.01128 > 0.05. According to the criteria above (Tab. II), this means that the RE model was more appropriate than the FE model. The Lagrange Multiplier (ML) test obtained LM 277.409, which was significant (p < 0.05), meaning that the RE model was more precise than the CE model. The overall results of this test indicated that the RE model was more precise than the CE and FE models. Thus, there was a strong reason to set the RE model as an appropriate estimation model, as described in Tab. III.
From Tab. III, the F-statistic obtained was 20.0602 (p < 0.05), showing that PC and CI simultaneously had a significant influence on PG. The t-statistic values show the coefficients and partial effects of each individual, including the intercept. The results showed that the intercept value of 5.6632 was significant (p < 0.05), PC 0.0036 was not significant (p > 0.05), and the PC of -0.0284 was a significant (p > 0.05) value of PG. Thus, the equation of the RE estimation model can be written as follows:
Equation (6) shows that PC contributes positively to the PG of 0.0032. It can be interpreted that every 1% increase in the number of PC contributes to an increase in PG of 0.0032% and vice versa. However, despite its small enough value, statistically, it is also significant. CI contributed negatively and significantly to a PG of -0.0284. Each increment, a 1% CI extension, contributes to a 0.0284% decline in PG. In contrast, any decrease of 1% CI means a 0.0284% contribution to PG increase.
CI Shortening
The average value of CI observations over the last 5 years (2012-2016) reached 28.18 months. In other words, the length of time it takes for a PC from first birth to the next delivery is 28.18 months. This time is too long, so CI contributes negatively (-0.0284) to the PG of beef cattle in Indonesia. For every 1% increase (renewal), the CI decreases the PG contribution by 0.0284%; on the contrary, a 1% decline in CI will increase the population growth (PG) by 0.0284%. Therefore, to increase PG, it is advisable to support the effort to shorten the CI. On that basis, we simulate and try to project the Tab. IV column (1) describes a CI shortening ranging from 0.00% (without shortening) to 45%. Column (2) is the amount of shortening in units of 'month', column (3) is the contribution of the CI in each percentage of the shortening. Columns (4) and (5) are the fixed values of the PC coefficients and intercept (C) of the estimation models. Column (6) is the change in PG (%) as the effect of each CI shortening.
Without shortening (0.00%), the CI length remained 28.18 months, showing a negative CI contribution (-0.028) so that PG decreased from 5.663% to 5.637%. The shortening of CI by 5% makes the calving (birthing) period shorter (26.77 months). The CI contribution increased to 0.142% and increased PG to 5.808%, and so on until it is possible to shorten CI to 45% (15.5 months) and increase PG to 6.944% per year Fig. 1 presents three CI conditions, i.e. CI 13 'very satisfactory', CI 15.5 months 'satisfactory' and CI 28.18 'very unsatisfactory'. Here CI is divided into three periods. The pregnant period, which is 9 months, is the same for all three conditions. Weaning and mating periods are grouped into different periods. The intention is to show that the length of the CI is greatly dependent on the period of cattle mating.
IV: Shortening of CI and its Contribution to PG Changes
CI Shortening
Population Growth ( 
DISCUSSION The Accuracy of the Estimation Model
The appropriate estimation model is the RE model according to the Chowtest, Hausmantest and LM test rejection criteria (Tab. II). This result is in line with research conducted by Gujarati (2012) , Ekananda (2014), Sarwono and Hendra (2014) and Widarjono (2016) . These experts have advocated the selection of appropriate models through the use of these three tests.
The assumption of the CE and FE shortcut model is not a consideration in the proper model selection. Nevertheless, it is worth discussing the assumption of CE and FE as unlabeled models. The CE model builds the assumption that both the intercept (β 0 ) and the slope (β 1 ) are inter-district and between times during fixed observation (cash). This assumption is clearly far from the reality. In cattle farms in Indonesia, the characteristics between provinces/regions are distinctly different, ranging from the type of forage (feed) available to the maintenance system, as determined by the traditions and culture of different breeders in each region. This reason is in line with the findings of Ibrahim et al. (2013) , Bettencourt et al. (2015) , and Kemi (2016) , who have reported that the factors of tradition and culture systems affect livestockkeeping and production systems.
The FE model assumes that the slope (β 1 ) remains, but the intercept (β 0 ) between regions and between times is different. This assumption has acknowledged that inter-regional differences are closely related to tradition and culture systems. However, the assumed slope (β 1 ) remains, as if negating the possibility of a positive development or a negative disturbance to PC and CI during the observation. RE assumes that every district has different intercept (β 0 ) as the random variable or stochastick. This RE also calculates the error that is possible to correlate with cross-section and timeseries.
The slope is a value that shows the extent of the contribution given by a free variable to the response variable (Abrevaya and Shen, 2014; Widarjono, 2016) . In this study, the slope can be interpreted as the average of changes that occurs in PG in response to any increase or decrease in PC and/or CI units. This assumption is also less realistic because every year there is an increase and/or decrease in the number of PCs and the CI spacing. An increase in PCs occurs every year from the number of PC which was previously under 2 years old, and the next year is over 2 years old. Meanwhile, a decline in the number of PCs can occur due to rampant cuts, or because they become non-productive again after reaching the age of 7 years. This reason is supported by livestock data in the figures for 2016 (BPS 2016b) . Changes in CI also take place every year in line with the increasing PC life. This is in line with the findings of Werth et al. (1996) and Changhee et al. (2013) that the age of PC has a significant effect on the CI spacing.
PC and CI Contribution
Equation (6) shows that PC contributed positively to PG by a 0.0032 increase per annum but was not significant (p > 0.05), while CI contributed negatively by a -0.0284 increase per annum and was significant (p < 0.05). Significant means that the statistical value that occurs in the sample data can also be applied to the population data so that it can be generalized (Sudjana, 2005; Sugiyono, 2009 ). Thus, the findings of this study can also be generalized, at least for the territory of Indonesia, that the growth (increase or decrease) of the beef cattle population in Indonesia is significantly influenced by CI.
The results of this study reinforce the findings of previous researchers (Sada, 1968; Flores, 1971; Bourdon and Brinks, 1983; Larsson and Berglund, 2008; Grossi et al., 2016) stating that CI is one of the main factors contributing to population growth in beef production. Also, it is almost (approximately) in line with the findings of Olmo et al. (2016) from Cambodia and Ibragimov (2016) from Malaysia. Both reported that the cause of the decline in the beef cattle population in rural Cambodia in the years 2009-2013 and in Malaysia was due to reproductive factors. Although neither work mentions CI as one of the causes, we can understand that CI is one of the livestock reproduction indicators.
The findings of this study were not in agreement with Lole et al. (2013) and Isyanto and Iwan (2016) . Both researchers reported that the growth of the beef cattle population in East Nusa Tenggara (NTT) and in Ciamis, West Java, Indonesia, was influenced by the high number of culling and the conversion (reduction) of pastoral land into plantation and settlement land.
A high culling rate is an autonomous variable, occurring outside the domain of livestock production. It is more related to population growth, income, and appetite. It is, therefore, perhaps wiser to question the growth of populations within the livestock domain. And when we are investigating the population growth, it will include productive factor, of which CI is an indicator.
The link between population growth and the reduction of pasture land relates more to forage feeding. The phenomenon of the slowing population growth in Indonesia is not only in areas that are reducing shrimp farms but also in other areas that still have large grazing lands such as Sulawesi, Kalimantan and Maluku (BPS 2016b). The findings of Lole et al. (2014) may apply to NTT (East Nusa Tenggara) but not to the whole of Indonesia. Nevertheless, the efforts of scientific investigation in this area is valuable.
Shortening CI and Implication
The CI shortening issue is based on the findings of this study, in which CI contributes negatively, or tends to decrease PG. This study supports the findings of Han et al. (2016) from China, which concluded that the key scenario for increasing calfcrop production is CI shortening. Fig. 1 demostrates that if a 13-month CI was wanted, it was advisable for conception to occur no later than 4 months after delivery. After a 2-month calf, a normal cycle of oestrus began to appear, allowing the cycles to occur 2-3 times, so the failure of conception in the first cycle of oestrus can be repeated in the second and third cycle of oestrus. In Indonesia, the 13-month CI is found in dairy PC whose maintenance systems are intensive, as some researchers have previously reported, such as Pramono and Hari (2008) in Yogyakarta, Prasetyoi (2015) in Batu Raden Central Java, Zainuddin et al. (2015) in Malang East Java, Reswati et al. (2015) in Sumatera Barat, Popescu (2014) in Romania and most recently Catalin (2017) in Romania.
If the program fell within the CI of 15.5 months (Fig. 1) , then the conception or beginning of pregnancy should occur no later than 6 months after the first (previous) birth. During these six months, there was a period of weaning and mating (service period). If weaning took 2-3 months, then there remains 3-4 months of the service period. In this 3-4 months period, normal PCs will experience cycles of oestrus (estrus) as many as 4-5 times and these should be utilized optimally for mating. If conception does not occur in the first cycle of oestrus, there is still a second, third and so on. Thus, it is quite rational to shorten the CI from 28.18 to 15.5 months.
The CI of 28.18 months obtained from the results of this study was not conducive to PG, being in the category 'very unsatisfactory' (Sada, 1968) . A bunting period that lasts an average of 9 months (Khan, 2017) leaves 18.18 months or 1.5 years more for the weaning and mating period. If the weaning period lasts 3 months, there are still 15.18 months left for mating (service period). This is too long a period for the purpose of farms that expect growth.
The duration of the PC lasts only about 5 years, from the age of 2 to 7 years. If the first mating took place successfully at the age of 2 years, then with a CI of 28.18 from this month, a PC only had the chance to give birth to 2 calves throughout its life cycle. This is a waste of growth resources and prevents farmers from getting a better income from calf-crop production. This condition brings many problems, such as the ever-increasing need for meat from production, vulnerable food security, prolonged imports, high meat prices, and inflation. By contrast, when the value of CI is below 28.18 months, for example, 20 months, then a PC has the opportunity to give birth to 3 calves in the life cycle.
CONCLUSION
The results show that the shortening of the calving interval (CI) could increase population growth. Each 1% decline in CI from 28.18 to 27.90 months gave an additional contribution to the population growth (PG) of 0.031% from 5.663% to 5.694%. Without CI shortening, PG decreases. The shortening of CI in cattle farms in Indonesia could be done by up to 45% from 28.18 to 15.15 months and contribute to a PG of 1. 281% from 5.633% to 6.944%. The key to CI shortening is a semi-intensive system change and control of the mating process. That is, breeders should introduce time restrictions in weaning periods and maximize the conception of the mating period (service period).
